Abstract The purpose of this study was to compare the incidence of reinfection in patients who received oral antibiotic prophylaxis with those who did not following two-stage revision knee arthroplasty. Additional purposes included: (1) comparison of these findings to the infection rate in patients who underwent revision for aseptic reasons, and (2) characterisation of the organisms responsible for reinfection following revision procedures. Twenty-eight two-stage revision knee arthroplasty procedures were followed up by a mean of 33 days of oral antibiotics (range, 28-43 days), while the remaining 38 procedures received only 24-72 hours of in-patient antibiotics. The incidence of reinfection in each group within 12 months was compared. The reinfection rates were additionally compared to those of 237 patients who underwent revision for aseptic loosening over the same time period. Patients who were treated with postoperative antibiotic prophylaxis had a considerably lower reinfection rate, with one reinfection in the prophylaxis group (4%), compared to six reinfections in the no-prophylaxis group (16%). The reinfection rates remained higher compared to those found in patients who underwent revision knee arthroplasty for aseptic loosening (1 of 237 patients; 0.4%). Both high and low virulence organisms were identified in the patients who were subsequently reinfected. A minimum of 28 days of postoperative oral antibiotics appeared to decrease reinfection rates following two-stage revision knee arthroplasty. These results suggest that the use of oral antibiotic prophylaxis following re-implantation may be appropriate in all patients undergoing two-stage revision, even in the absence of any signs of active infection.
Introduction
Total knee arthroplasty remains one of the most successful procedures in providing marked pain reduction and functional improvement with survivorship consistently reported at greater than 90% at follow-up times of ten to 15 years [3, 17, 24] . However, there are several potential complications associated with the procedure with peri-prosthetic infections among the most devastating. In addition to placing a considerable emotional and economic burden on both patients and surgeons, infections can be difficult to eradicate and may frequently require multiple surgical procedures performed by an experienced orthopaedic surgeon over a period of several months [11, 25] . Knee arthroplasties cured of peri-prosthetic infections can have a lasting negative effect on patients, being associated with poorer postoperative function as compared to total knee arthroplasties with no history of infection [2, 29] . While advances in surgical care such as the use of laminar air flow [19] and adhesive antimicrobial incision drapes [1] have contributed to a reduction in infection rates, the incidence of peri-prosthetic infection following primary total knee arthroplasty remains around 1-2% in the largest reported series [15, 16] , rising to over 5% in some cases following aseptic revision procedures [15, 26] .
Several strategies have been proposed for the treatment of peri-prosthetic infection following total knee arthroplasty including serial aspirations in combination with parenteral antibiotics, arthroscopic lavage [14, 28] , open irrigation and debridement of the joint with retention of components [20] , and single-stage component removal followed by irrigation and re-implantation [27] . However, apart from certain cases of acute postoperative or haematogenous infections that can be treated with copious irrigation and liner exchange, a two-stage revision procedure remains the standard of care [8] . The first stage consists of component explantation, joint irrigation and debridement, and placement of a static or dynamic spacer that includes cement laden with a high dose of antibiotics. Some authors have suggested that the use of a dynamic spacer provides better ranges of motion and improves clinical outcomes following re-implantation as compared to non-articulating designs [5, 23] . Patients then undergo several weeks of parenteral antibiotic therapy, which is targeted to the susceptibility profile of the organism responsible or provides broad spectrum empirical coverage if joint cultures are inconclusive [21] . Following this therapy, patients eventually undergo reimplantation if the infection has been cleared based on intra-operative histological negative confirmation of infection. Nevertheless, despite an absence of clinical or histological signs of infection, it is possible that some latent microorganisms remain in the joint at the time of re-implantation, or that the joint can be seeded at the time of the second stage procedure. In addition, patients may be more susceptible to an early new infection in this joint which was previously operated upon multiple times. For this reason, there may be a theoretical benefit to treating patients following re-implantation with a prolonged course of oral antibiotics for prophylaxis against reinfection. However, there is little if any literature evaluating this issue.
The purpose of this study was to compare the reinfection rates following two-stage revision total knee arthroplasty in patients who underwent a minimum of four weeks of prophylactic oral antibiotic therapy to those who received in-hospital perioperative antibiotics only. In addition, the secondary purposes were to compare the reinfection rates in patients who underwent two-stage revision knee arthroplasty to the infection rates in those who received revision arthroplasty for aseptic reasons at the same centre during the same time period, and to describe the organisms responsible for reinfection following the two-stage revision procedures.
Methods
A review of a prospectively-collected database of all arthroplasty procedures performed at a single institution was performed to identify those patients who underwent two-stage revision of a total knee arthroplasty, as well as those who underwent single-stage revision for aseptic reasons and had a minimum of 12 months of follow-up. Any two-stage procedures that underwent a revision for aseptic reasons within 12 months of the reimplantation were excluded. One patient, who was not treated with oral prophylaxis, had a fall that directly caused a full wound dehiscence and was also excluded from the study. Thus, available for analysis were a total of 66 knees in 65 patients who underwent two-stage revision surgery between 2000 and 2008, and who had a mean age of 63 years (range, 40-89 years) at the time of component re-implantation. Of these, 28 knee reimplantations received a minimum of 28 days of postoperative oral antibiotic prophylaxis (mean treatment time of 33 days; range, 28-43 days), while the remaining 38 knee re-implantations received short-term inpatient parenteral antibiotics only (mean 1.3 days; range, one to three days). An additional 237 knees underwent revision of one or more components for aseptic reasons over the same time period at the same centre. Institutional review board approval was obtained for the study of these patients.
Patients suspected of having a periprosthetic infection were evaluated using the Leone and Hanssen criteria [18] , with the presence of any one of the following four criteria considered diagnostic for infection: (1) growth of the same organism in two or more cultures obtained from either aspiration of the joint or intraoperative sampling; (2) a finding of acute inflammation on histological evaluation of intraoperative tissue samples (at our institution, defined as ten or more polymorphonuclear cells in a single high power field); (3) gross purulence of the joint observed at the time of surgery; or (4) an actively discharging sinus tracking into the joint. These criteria were used at the time of initial evaluation and operation of a suspected joint infection, as well as at the time of re-implantation and any subsequent evaluation for suspected re-infection.
Intraoperative wound sampling was performed at the time of component removal with specimens sent for culture in an attempt to identify the organism(s) responsible for the infection as well as their antibiotic sensitivities. A custommade cement spacer was implanted in all patients at the time of component removal, with high-dose antibiotics mixed into the cement to provide sustained local elution between revision stages. Patients were then maintained on parenteral antibiotic therapy for a minimum of six weeks, with the specific therapy based on the advice of an in-hospital infectious diseases consultant. Antibiotic therapy was then withdrawn for a minimum of ten days (range, ten to 32 days), and patients were monitored for clinical signs of recurrent joint infection.
Following parenteral antibiotic therapy, patients returned to the operating room for removal of the cement spacer. A minimum of three tissue samples were taken from different locations at this time, which were examined by frozen section and evaluated for signs of acute inflammation. If present, a new antibiotic-eluting custom cement spacer was implanted, and the decision for further antibiotic therapy was made in consultation with the infectious diseases specialist. If no signs of acute inflammation were found, a new total knee arthroplasty prosthesis was implanted.
Prior to the initiation of this study, the senior surgeon had transferred from another hospital to our institution, where this study was undertaken. At the previous hospital, all patients were treated with six weeks of oral antibiotics following two-stage revision knee arthroplasty as a matter of protocol. At our institution, there were no pre-determined criteria for the use of prophylactic oral antibiotics, and there was no standard protocol in place. A retrospective review of the prospectively-collected database revealed that some patients had been prescribed oral antibiotic prophylaxis on discharge, while others had not.
Patients were monitored following discharge from the hospital for re-infection of the revised total knee arthroplasty, defined as a deep infection of the joint space and/or capsule necessitating a return to the operating room within 12 months of the re-implantation procedure. Superficial wound infections not reaching the capsule, seromas, and haematomas that remained superficial to the capsule were not considered reinfections, as they could be treated with local evacuation and/or debridement not requiring exposure or revision of the prosthesis.
The reinfection rates in the oral prophylaxis and no prophylaxis groups were then determined and compared. The infection rates for both of these groups were then compared to those found in the 237 aseptic knee arthroplasty revisions performed over the same time period. The results of microbiological analysis of wound samples taken at the time of component removal were evaluated in an attempt to determine the profile of the organisms responsible for the periprosthetic infections treated in this study as well as to determine the types of infectious agents present in patients who were subsequently re-infected, and to see if there were any predilections for any specific organisms.
Results
Patients who were treated with oral antibiotic prophylaxis following two-stage revision total knee arthroplasty were less likely to become re-infected as compared to those patients who were treated with short-term in-patient antibiotics only (relative risk=0.23). Prophylactic oral antibiotics used following component reimplantation are shown in Fig. 1 . There was one reinfection among the 28 knees that received oral prophylaxis (4%), as compared to six reinfections in the 38 knees in the no prophylaxis group (16%).
The overall reinfection rate was significantly higher in patients who underwent a two-stage revision procedure when compared to the infection rate in those who had undergone a single-stage revision procedure for aseptic reasons over the same time period (11% compared to 0.4%; relative risk 25.1). The difference in reinfection rates between patients who did not receive oral prophylaxis and those who underwent aseptic revision (16% compared to 0.4%; relative risk 37.4) was markedly higher than the difference between the oral prophylaxis and aseptic revision groups (4% compared to 0.4%; relative risk 7.4).
The most common organism responsible for infection was unknown, with no positively identified organism in 50% of cases. The most commonly-identified organisms were coagulase-negative Staphylococcus that was found in 20% of cases (13 of 66 knees), followed by methicillin-resistant Staphylococcus aureus in 15% of cases (10 of 66 knees). A full description of the responsible organisms can be found in Fig. 2 .
A variety of organisms responsible for the original infection was found in patients who were subsequently re-infected. The one patient in the oral prophylaxis group who was subsequently re-infected was found to be infected with methicillin-resistant Staphylococcus aureus at the time of original component removal. In contrast, in the no-prophylaxis group, a variety of organisms were identified in the patients who were subsequently re-infected, including some typically considered to be of low virulence. The specific organisms were: methicillinresistant Staphylococcus aureus (n=2), group B Streptococcus (n=1), methicillin-sensitive Staphylococcus aureus (n=1), group D Enterococcus (n=1), and an unknown organism in one case.
Discussion
The senior author spent several years working at an institution where all patients who underwent two-stage revision knee arthroplasty for deep infection were treated with six weeks of oral prophylactic antibiotics following component re-implantation. Subsequently, this surgeon moved to a hospital where no protocol was in place for postrevision oral antibiotic use. On review of a database of all arthroplasty procedures performed at this institution, the authors noticed that some patients had been prescribed a prolonged course of oral antibiotics on discharge, whereas others had not. This observation prompted the authors to undertake this study, to evaluate whether a minimum of 28 days of oral antibiotic prophylaxis reduced re-infection rates following two-stage revision knee arthroplasty. Patients treated with oral prophylaxis may have a considerably lower re-infection rates when compared to those in the nonprophylaxis group. The re-infection rates in both groups were higher than in patients who were revised for aseptic reasons over the same time period. A variety of organisms were found in the re-infected patients.
The authors acknowledge several limitations to this study. First, although the prescription of prophylactic oral antibiotics was done without any pre-determined criteria or protocols, patients were not truly randomised to one of the two groups (oral prophylaxis and no-prophylaxis). Second, this study may be underpowered to detect differences in the incidence of reinfections with a high degree of certainty. Although there were large differences in relative risk of re-infection between the oral prophylaxis group and the no prophylaxis patients (0.23), as well as the aseptic revision group (7.42), a sample size estimation using the proportions of re-infections found in this study (0.04 for the oral prophylaxis group and 0.16 for the no-prophylaxis group) revealed that approximately 130 patients would be required in each group to detect this difference with a power of 0.9 and a p value of 0.05; this is a number of patients that would be difficult to recruit at any one centre. Despite these limitations, the authors believe that this study provides sufficient evidence to suggest that the use of prophylactic oral antibiotics following two stage revision knee arthroplasty reduces reinfection rates even in the absence of any clinical, histological, or microbiological signs of infection at the time of component re-implantation.
Most studies concerning the optimum antibiotic therapy during two-stage revision knee arthroplasty have focussed on the interval between component removal and prosthesis reimplantation. A six week course of parenteral antibiotics following component removal has often been considered the standard of care in North America. Goldman et al. reported a 91% success rate in eradicating infection in 64 infected total knee arthroplasties over a mean follow-up time of 7.5 years (range, two to 17 years) using this protocol [6] . A similar reinfection rate was reported by Windsor et al. following treatment of 38 infected total knees [30] . However, neither of these authors used any antibiotic therapy beyond the immediate postoperative period following re-implantation. Following the widespread adoption of the implantation of high dose antibiotic-eluting spacers at the time of component removal, a few authors have advocated a reduced course of parenteral antibiotics between stages [10] , in some cases as short as one postoperative day [12] . In addition, a few authors have recommended the use of oral antibiotics between stages in selected patients, arguing that they are similarly effective while being more convenient and costeffective for both patients and health care providers [4, 22] . Oussedik et al. reported on the use of an antibiotic-laden cement spacer and oral linezolid following component removal in 12 patients who underwent two stage revision knee arthroplasty. The authors reported resolution of infection in all patients at a mean final follow-up of 32 months (range, Fig. 2 Prevalence of infectious organisms cultured from wound swabs at the time of component removal Fig. 1 Prophylactic oral antibiotics used following component reimplantation 19-47 months) [22] . However, to the best of our knowledge, no studies reported to date have evaluated the efficacy and benefits of postoperative oral antibiotic prophylaxis in reducing reinfection rates.
There are three theoretical benefits to the use of a prolonged course of oral antibiotic prophylaxis following two-stage revision knee arthroplasty. First, despite the absence of any clinical, histological, or microbiological evidence of infection at the time of component reimplantation, it is possible that latent infectious organisms may still be present in the region of a previously active infection. This is supported by several reports of a high incidence of reinfection with the same organism following two-stage revision [6, 7, 9, 13] . Prolonged therapy with oral antibiotics may assist in eradicating any remaining latent organisms and reducing the incidence of same-organism reinfection. Second, while some periprosthetic infections occur as a result of an acute seeding of the joint in either the early postoperative period or through haematogenous dissemination from a distant nidus, the majority of infections are chronic in nature [18] . It is possible that some of these patients have an increased susceptibility to infection or a depressed immune function that impairs their ability to successfully eradicate the invading organisms, which would also place them at a new increased risk of infection following surgical reimplantation of a new knee prosthesis. Finally, several authors have reported that the risk of periprosthetic infection is higher following a revision arthroplasty procedure, as compared to primary implantation [15, 26] . Because prosthesis re-implantation following staged treatment of a periprosthetic infection falls into this higher risk category, more aggressive postoperative antimicrobial therapy may be appropriate in an attempt to reduce the incidence of reinfection. For this reason, patients undergoing two-stage revision knee arthroplasty might benefit from a prolonged course of antibiotics following re-implantation compared to the 24-48 hours of postoperative antibiotic therapy recommended for healthy patients following joint arthroplasty.
In conclusion, the results of this study suggest that the use of a prolonged course of prophylactic oral antibiotic therapy following two-stage revision total knee arthroplasty may reduce the rate of subsequent re-infection. The authors recommend that the use of oral antibiotic prophylaxis should not be limited to patients originally infected with a highly virulent species, as several of the patients in this study were originally infected with a low-virulence organism. Further study should be undertaken to confirm these findings with a larger study group.
